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(57) ABSTRACT

A method for controlling a transport refrigeration system
(TRS) for refrigeration of a transport unit 1s disclosed. The
TRS 1ncludes a TRS controller connected to the TRS for
operating the TRS, a eutectic device including a eutectic
medium, a transport reifrigeration unit (TRU) having a
refrigerant circuit for directing a reifrigerant fluid there
through, and a cooling fluid circuit 1n thermal contact with
the eutectic medium for directing a cooling fluid to be 1n
thermal contact with the eutectic medium. The method
includes the TRS controller recerving a selection of a
cooling mode for the TRS, and cooling an inside of a
transport unit according to the cooling mode selected. The
cooling includes one or more of a first cooling type and a
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CONTROL METHOD FOR A HYBRID
REFRIGERATION SYSTEM

FIELD

This disclosure generally relates to a hybrid refrigeration
system for controlling refrigeration to cool an air 1nside a
cargo space and methods for using and configuring the
device.

BACKGROUND

Existing transport refrigeration systems are used to cool
containers, such as for example, a refrigerated transport unit
(““I'U”), a trailer, a railcar, or other TU(s). The TUs are
commonly used to transport perishable items such as pro-
duce and meat products. In such a case, a transport refrig-
eration system (““I'RS”) can be used to condition the air
inside a cargo space of the TU, thereby maintaining desired
temperature and humidity during transportation or storage.
Typically a transport refrigeration unit (*““I'RU”) 1s attached
to the TU to facilitate a heat exchange between the air inside
the cargo space and the air outside of the TU.

SUMMARY

The embodiments described herein relate generally to a
TRS. In particular, the embodiments described herein gen-
erally relate to a hybrid refrigeration system for controlling
refrigeration to cool an air inside a cargo space and methods
for using and configuring the device.

In particular, the embodiments described herein are
directed to a hybrid refrigeration system and method for
cooling an air mside a cargo space using an eutectic device
connected to at least two independent cooling tluid circuits.
The eutectic device can be installed inside the cargo space
of a refrigerated transport unit.

The TRS can be connected to and/or include a controller
(e.g., TRS controller) for operating the TRS. The TRS
includes an eutectic device including an eutectic medium, a
TRU having a refrigerant circuit for directing a refrigerant
fluid through the TRU and capable of directing the refrig-
crant fluid to the eutectic device for cooling the eutectic
medium, and a cooling fluid circuit 1n thermal contact with
the eutectic medium, the cooling fluid circuit configured to
direct a cooling fluid to be in thermal contact with the
eutectic medium.

An embodiment of a method for controlling the TRS
includes selecting, via the TRS controller (which the TRS
controller receives the selection of), a cooling mode for the
TRS, and cooling an inside of a transport unit according to
the cooling mode selected, wherein the cooling includes one
or more of directing the refrigerant fluid through the TRU
according to the cooling mode selected, directing the refrig-
erant fluid to the eutectic device according to the cooling
mode selected, and directing a cooling fluid through the
cooling tluid circuit to cool the eutectic device according to
the cooling mode selected.

An embodiment of the method includes a plurality of
cooling modes for the TRS that are selectable (e.g., the TRS
controller receives the selection of). The cooling modes
include a manual cooling mode, wherein a cooling type of
the TRS 1s based on a selection made by a user via the TRS
controller; an automatic cooling mode, wherein the cooling
type of the TRS 1s automatically set by the TRS controller;
a dynamic cooling mode, wherein the cooling type of the
TRS 1s based on dynamic information received by the TRS
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controller; and a preset cooling mode, wherein the cooling
type of the TRS 1s based on a predetermined information
stored at the TRS controller. The cooling type information of
the TRS can be communicated between the TRS controller
as telematics data via a Global Positioning System (GPS),
etc.

An embodiment of the method includes one or more of
selecting (which the TRS controller receives the selection
of) the manual cooling mode to select the cooling type;
selecting (which the TRS controller receives the selection
ol) the automatic cooling mode to have the TRS controller
automatically set the cooling type; selecting (which the TRS
controller receives the selection of) the dynamic cooling
mode to have the TRS controller set the cooling type based
on the dynamic information; and selecting (which the TRS
controller receives the selection of) the preset cooling mode
to have the TRS controller set the cooling type based on the
predetermined information.

In an embodiment of the method, the manual cooling
mode 1s selected, and the cooling the nside of the transport
unit comprises cooling via a first cooling type which directs
a refrigerant fluid through a first cooling fluid circuit of the
TRS, and cooling via a second cooling type which directs a
cooling fluid through a second cooling fluid circuit of the
TRS.

In some embodiments, the first cooling fluid circuit allows
refrigerant fluid to pass through a refrigeration circuit in a
TRU of the TRS and/or through an eutectic device of the
TRS. Also, in some embodiments, the second cooling tluid
circuit allows a cooling fluid (e.g., liquid cryogen) to pass
through the eutectic device of the TRS.

In some embodiments, the TRS 1ncludes seven cooling
types mcluding: a first cooling type that directs a refrigerant
fluid through a refrigeration circuit in a TRU and an eutectic
device of the TRS and directs a cooling fluid through the
cutectic device; a second cooling type that directs the
refrigerant fluid through the refrigeration circuit but not
through the eutectic device and directs the cooling fluid
through the eutectic device; a third cooling type that directs
the refrigerant fluid through the eutectic device but not the
refrigeration circuit and directs the cooling fluid through the
cutectic device; a fourth cooling type that directs the refrig-
erant fluid through the refrigeration circuit and the eutectic
device but does not direct the cooling fluid through the
cutectic device; a fifth cooling type that directs the refrig-
crant fluid through the refrigeration circuit but does not
direct the refrigerant fluid or the cooling fluid through the
cutectic device; a sixth cooling type that directs the refrig-
erant fluid through the eutectic device but does not direct the
refrigerant fluid through the refrigeration circuit and does
not direct the cooling fluid through the eutectic device; a
seventh cooling type that directs the cooling fluid through
the eutectic device but does not direct the refrigerant tlhuid
through either the refrigeration circuit or the eutectic device.

In another embodiment of the method, the automatic
cooling mode 1s selected, and the cooling the inside of the
transport unit comprises, checking a status of the TRS,
automatically selecting one of a first through seventh cool-
ing type based on the status of the TRS, and cooling an
interior space of a TU according to the cooling type selected.

In another embodiment of the method, the dynamic cool-
ing mode 1s selected, and the cooling the inside of the
transport unit comprises, a TRS controller connecting to a
network, the TRS controller receiving data via the network,
the TRS controller processing the data and transtorming the
data to TRS control information, the TRS controller select-
ing one of a first through seventh cooling type based on the
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TRS control information, and cooling according to the TRS
control information and the first through seventh cooling
type selected.

In an embodiment of the method, the TRS controller
determining the cooling type includes the TRS controller
determining whether a first cooling type, which directs a
refrigerant fluid through a refrigeration circuit and/or an
eutectic device of the TRS, 1s allowable based on the TRS
control mformation, and cooling includes cooling via the
first cooling type 11 the first cooling type 1s determined to be
allowable based on the TRS control information, or cooling
via a second cooling type which directs a cooling fluid
through an eutectic device of the TRS 1f the first cooling type
1s determined to be not allowable based on the TRS control
information.

In an embodiment of the method, the TRS controller
determining the cooling type includes the TRS controller
determining to direct a cooling fluid through an eutectic
device of the TRS, and the cooling includes directing the
cooling flmd through the eutectic device of the TRS.

In an embodiment of the method, the TRS controller
determining the cooling type includes the TRS controller
determining to direct a refrigerant fluid through a first flmd
circuit of the TRS, and to direct a cooling fluid through a
second fluid circuit to cool an eutectic device of the TRS,
and the cooling includes directing the refrigerant flud
through the first fluid circuit of the TRS, and directing the
cooling tfluid through the second fluid circuit to cool the
cutectic device of the TRS.

In an embodiment of the method, the TRS controller
determining the cooling type includes the TRS controller
determining that cooling the TRS 1s not needed.

In an embodiment of the method, the cooling includes the
TRS controller not directing a refrigerant tluid through a first
fluid circuit of the TRS, and not directing a cooling fluid
through a second fluid circuit to cool an eutectic device of
the TRS.

In another embodiment of the method, the preset cooling
mode 1s selected, and the cooling the 1nside of the transport
unit comprises the TRS controller accessing a memory to
read data stored therein, the TRS controller processing the
data, the TRS controller selecting a cooling type by running
a predictive algorithm, and cooling via the cooling type
selected.

In an embodiment of the method, the TRS controller
selecting the cooling type includes the TRS controller select-
ing to direct a refrigerant fluid through the TRS, and the
cooling includes directing the refrigerant flmd through the
TRS.

In an embodiment of the method, the TRS controller
selecting the cooling type includes the TRS controller select-
ing to direct a cooling fluid through a cooling tluid circuit
that 1s 1n thermal contact with an eutectic device of the TRS,
and the cooling includes directing the cooling fluid through
the cooling flmd circuit.

In another embodiment of the method, the TRS controller
selecting the cooling type includes the TRS controller select-
ing to direct a refrigerant tfluid through a first fluid circuit of
the TRS, and to direct a cooling fluid through a second fluid
circuit to cool an eutectic device of the TRS, and the cooling
includes directing the refrigerant fluid through the first flmd
circuit of the TRS, and directing the cooling fluid through
the second fluid circuit to cool the eutectic device of the
TRS.

In another embodiment of the method, the TRS controller
selecting the cooling type includes the TRS controller select-
ing that cooling the TRS 1s not needed.
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In another embodiment of the method, the cooling
includes the TRS controller not directing a refrigerant fluid

through a first fluid circuit of the TRS, and not directing a
cooling fluid through a second fluid circuit to cool an
cutectic device of the TRS.

An embodiment of a TRS controller for controlling a
TRS, wherein the TRS includes an eutectic device including
an eutectic medium, a TRU having a refrigerant circuit for
directing a refrigerant fluid through the TRU and capable of
directing the refrigerant fluid to the eutectic device for
cooling the eutectic medium, and a cooling fluid circuit 1n
thermal contact with the eutectic medium, the cooling fluid
circuit configured to direct a cooling fluid to be in thermal
contact with the eutectic medium, comprises a network
interface for connecting to a network; a processor connected
to the network iterface for receiving data from the network;
a user interface connected to the processor; and a non-
transitory computer-readable memory connected to the pro-
cessor, the non-transitory computer-readable memory hav-
ing computer-readable instructions that when executed by
the processor performs a method for controlling the TRS,
wherein the method includes selecting (which the TRS
controller receives the selection of) a cooling mode for the
TRS, and cooling an inside of a transport unit according to
the cooling mode selected, wherein the cooling includes one
or more of directing the refrigerant fluid through the TRU
according to the cooling mode selected, directing the refrig-
crant fluid to the eutectic device according to the cooling
mode selected, and directing a cooling fluid through the
cooling fluid circuit to cool the eutectic device according to
the cooling mode selected.

An embodiment of a non-transitory computer-readable
medium having computer-readable instructions that when
executed by a processor performs a method for controlling
a TRS, wherein the method includes selecting (which the
TRS controller receives the selection of) a cooling mode for
the TRS, and cooling an 1nside of a transport unit according
to the cooling mode selected, wherein the cooling includes
one or more of directing the refrigerant fluid through the
TRU according to the cooling mode selected, directing the
refrigerant flmd to the eutectic device according to the
cooling mode selected, and directing a cooling fluid through
the cooling fluid circuit to cool the eutectic device according
to the cooling mode selected.

BRIEF DESCRIPTION OF THE DRAWINGS

Referring now to the drawings in which like reference
numbers represent corresponding parts throughout.

FIG. 1 illustrates a side cutaway view of a refrigerated
transport unit attached to a tractor, according to an embodi-
ment.

FIG. 2 illustrates an eutectic device for a TRS according
to one embodiment.

FIG. 3 shows a schematic diagram of an embodiment of
a TRS controller for controlling the TRS.

FIG. 4 shows a flow diagram according to an embodiment
of a method for controlling a hybrid cooling system.

FIG. 5 shows a flow diagram according to an embodiment
of a part of the method for controlling a hybrid cooling
system.

FIG. 6 shows a tlow diagram according to an embodiment
of a part of the method for controlling a hybrid cooling
system.

FIG. 7 shows a flow diagram according to an embodiment
of a part of the method for controlling a hybrid cooling
system.
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FIG. 8 shows a flow diagram according to an embodiment
of a part of the method for controlling a hybrid cooling
system.

FI1G. 9 shows a flow diagram according to an embodiment
of a part of the method for controlling a hybrid cooling
system.

FIG. 10 shows a flow diagram according to an embodi-
ment of a part of the method for controlling a hybrid cooling
system.

FIG. 11 shows a block diagram according to an embodi-
ment of a refrigerant circuit.

FIG. 12 shows a flow diagram according to an embodi-
ment of a cooling circuit.

DETAILED DESCRIPTION

The embodiments described herein are directed to a TRS.
More particularly, the embodiments relate to a hybrid refrig-
eration system for controlling refrigeration to cool an air
inside a cargo space and methods for using and configuring
the device.

References are made to the accompanying drawings that
form a part hereof, and in which 1s shown by way of
illustration of the embodiments 1n which the methods and
systems described herein may be practiced. The term
“refrigerated transport unit” generally refers to, for example,
a conditioned trailer, container, railcars or other type of
transport unit, etc. The term “transport refrigeration system”
or ““IT'RS” refers to a refrigeration system for controlling the
refrigeration of a conditioned space of the relrigerated
transport unit.

It will be appreciated that the embodiments described
herein may be used 1n any suitable transport unit such as a
ship board container, an air cargo cabin, an over the road
truck cabin, etc.

FIG. 1 illustrates a side view of a refrnigerated transport
unit 10 attached to a tractor 11. The refrigerated transport
unit 10 includes a transport unit 12 and a TRS 14. The TRS
14 includes a transportation reifrigeration unit (“TRU”) 16
that 1s configured to create a conditioned air tlow from a
front side to a rear side of the cargo space 18. The TRU 16
includes a TRS controller 15 that 1s configured to control the
TRS 14.

FIG. 1 illustrates a side view of a refrigerated transport
unit 10 attached to a tractor 11. The refrigerated transport
unit 10 includes a transport unit 12 and a TRS 14. The TRS
14 can include one or more of a Mechanical Refrigeration
System, an Eutectic System, and a Cryogen System. A 'TRS
controller 15 that i1s configured to control the TRS 14 15 1n
communication with and/or controls the one or more of the
Mechanical Refrigeration System, the Eutectic System, and
the Cryogen System.

The Mechanical Relrigeration System of the TRS 14
includes a transportation refrigeration unit (“TRU”") 16 that
1s configured to create a conditioned air flow from a front
side to a rear side of the cargo space 18. The TRU 16 1s 1n
communication with the TRS controller 15. The TRU 16
houses various refrigeration components, such as a com-
pressor, an evaporator blower, condenser blowers, an evapo-
rator coil, condenser coils, etc., and provide a thermal barrier
between the front side (e.g. the side where the condenser unit
1s located) and the rear side (e.g. the side where an evapo-
rator unit 1s located). The TRU 16 includes a refrigerant tfluid
flowing through a refrigerant circuit (e.g., the compressor
1105, the condenser 1110, the expansion valve 1115, and the
evaporator unit 1120 of the refrigerant circuit 1100 shown 1n
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FIG. 11). The compressor of the refrigeration circuit can be
powered by a vehicle’s engine or another mechanical device.

The Futectic System of the TRS 14 includes an eutectic
device 24 having an eutectic medium. The eutectic medium
can be cooled via a reifrigerant fluud flowing through a
refrigerant circuit (e.g., the Mechanical Relrigeration Sys-
tem or the TRU 16). The eutectic medium can be cooled via
a cooling fluid circuit of the Cryogen System. Once the
Eutectic System has been cooled (e.g., the eutectic medium
has been frozen), the Eutectic System can cool the cargo
space 18. The cooling of the cargo space 18 by using the
Eutectic System can be performed without using the
Mechanical Relfrigeration System and/or the Cryogen Sys-
tem.

The Cryvogen System of the TRS 14 includes a cooling
fluid circuit for directing a cooling fluid to pass through the
cutectic device. The Cryogen System can be used to cool the
Eutectic System. The Cryogen System can be used to cool
the cargo space 18. The cooling of the cargo space 18 by
using the Cryogen System can be performed without using
the Mechanical Relrigeration System and/or the Eutectic
System.

A method of using the TRS 14 includes using both the
Mechanical Relrigeration System and the Cryogen System
of the TRS 14. For example, at startup of the Mechanical
Relrigeration System, a user can manually select whether
the Cryogen System 1s to be operated or not. For example,
at startup of the Mechanical Relrigeration System, the
Cryogen System can turn on automatically, allowing the
TRS 14 to lower the temperature of the cargo space 18 faster
than when only the Mechanical Relrigeration System 1s
functioning. The Cryogen System could then turn off based
on settings determined by the user and/or the TRS controller
15. Some examples of the settings can include, but are not
limited to, a diflerence of a setpoint temperature vs. ambient
temperature, a difference of a setpoint temperature vs. return
air temperature, an operation mode of the Mechanical
Reirigeration System (e.g., high speed, low speed, and
defrost). These settings can be regulated based on 1informa-
tion received by the TRS controller 15 via a GPS. For
example, based on a user defined geo-fencing locations or
times, the TRS 14 can be set to a particular mode. Further,
the TRS controller 15 can have operational settings based on
a pre-programmed vehicle route having intermediate stops
to a final destination. The route could be uploaded to the
TRS controller 15 from the GPS. The TRS controller 15 can
execute computer readable instructions for a predictive
operating algorithm and determine whether the Mechanical
Retrigeration System and/or the Cryogen System should be
used. The predictive operating algorithm of the computer
readable 1nstructions can take into account one or more of
the following parameters for making the determination: a
difference of setpoint temperature vs. ambient temperature,
a difference of setpoint temperature vs. return air tempera-
ture, a distance to the next stop, traflic condition, speed of
the vehicle, and other route information. The predictive
algorithm can ensure that the cargo space 18 reaches the
setpoint temperature before reaching the next destination.
Further, for a TRS having the Mechanical Refrigeration
System powered by the vehicle’s engine, the predictive
algorithm can ensure that the cargo space 18 reaches the
setpoint temperature before the vehicle engine i1s shut off
(e.g., due to stopping 1n trathic). The predictive algorithm can
be used to define geofences and times to switch to Cryogen
System only mode based on noise and emissions restrictions
set by the geofences and times.
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A method of using the TRS 14 includes using both the
Mechanical Relrigeration System and the Eutectic System
of the TRS 14. For example, at startup of the Mechanical
Refrigeration System, a user can manually select whether
the Eutectic System 1s to be operated or not. For example, at
startup of the Mechanical Relfrigeration System, the Eutectic
System can turn on automatically, allowing the TRS 14 to
lower the temperature of the cargo space 18 faster than when
only the Mechanical Relfrigeration System 1s functioning.
The Eutectic System could then turn ofl based on settings
determined by the user and/or the TRS controller 15. Some
examples ol the settings can include, but are not limited to,
a difference of a setpoint temperature vs. ambient tempera-
ture, a diflerence of a setpoint temperature vs. return air
temperature, an operation mode of the Mechanical Relfrig-
eration System (e.g., high speed, low speed, and defrost).
These settings can be regulated based on information
received by the TRS controller 15 via a GPS. For example,
based on a user defined geo-fencing locations or times, the
TRS 14 can be set to a particular mode. Further, the TRS
controller 15 can have operational settings based on a
pre-programmed vehicle route having intermediate stops to
a final destination. The route could be uploaded to the TRS
controller 15 from the GPS. The TRS controller 15 can
execute computer readable instructions for a predictive
operating algorithm and determine whether the Mechanical
Refrigeration System and/or the Eutectic System should be
used. The predictive operating algorithm of the computer
readable instructions can take into account one or more of
the following parameters for making the determination: a
difference of setpoint temperature vs. ambient temperature,
a difference of setpoint temperature vs. return air tempera-
ture, a distance to the next stop, traflic condition, speed of
the vehicle, and other route information. The predictive
algorithm can ensure that the cargo space 18 reaches the
setpoint temperature before reaching the next destination.
Further, for a TRS having the Mechanical Relrigeration
System powered by the vehicle’s engine, the predictive
algorithm can ensure that the cargo space 18 reaches the
setpoint temperature before the vehicle engine 1s shut off
(e.g., due to stopping 1n tratlic). The predictive algorithm can
be used to define geofences and times to switch to Eutectic
System only mode based on noise and emissions restrictions
set by the geofences and times. Further, the vehicle can
include an onboard eutectic condenser (or a coolant tank
such as a CO, tank) to freeze the eutectic medium.

A method of using the TRS 14 includes using all of the
Mechanical Relrigeration System, the Cryogen System, and
the Eutectic System of the TRS 14. The operation of the
Mechanical Relrigeration System, the Cryogen System, and

the Eutectic System being determined by the user and/or the

TRS controller 15.

A blower fan 22 of the TRS 14 can provide additional air
flow for the cooling of the cargo space 18. The eutectic
device 24 can be cooled by the TRU 16. This cooling of the
cutectic device 24 can be by direct cooling by thermal
contact between the evaporator coil of the TRU 16 and the
cutectic device 24, a cooling refrigerant circuit from the
TRU 16 to the eutectic device 24, and/or by indirect cooling
by cooled air from the TRU 16 cooling the eutectic device
24 as the cooled air tlows from the TRU 16 over the eutectic
device 24 towards the a desired side of the cargo space 18.
For example but not limited to, the desired side of the cargo
space 18 may be the rear side of the cargo space 18. For
example but not limited to, the desired side of the cargo
space 18 may be the front side of the cargo space 18. For

example but not limited to, the desired side of the cargo
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space 18 may be any one or combination of portions (areas)
of the cargo space 18. For example, the eutectic device 24
(or the plates of the eutectic device 24) can be connected to
a ceiling of the cargo space 18. For example, 1n such
configuration, a blower fan may not be needed because air
cooled by the eutectic device 24 would naturally flow
downward from the ceiling of the cargo space 18.

The TRS 14 15 also configured to transier heat between the
cargo space 18 and the eutectic device 24. The eutectic
device 24 1s configured for controlling the temperature 1n the
cargo space 18. FIG. 1 shows the eutectic device 24 posi-
tioned near the front wall 21 of the transport unit 12, in front
of the bulkhead 20 (e.g., between the front wall 21 and the
bulkhead 20 1n the container). The blower fan 22 can blow
air cooled by the eutectic device 24 towards the desired side
of the cargo space 18.

The eutectic device 24 includes cold plates 25. However,
the eutectic device 24 can include one or more cold plates
25, tubes, or combinations thereof. The eutectic device 24
contains an eutectic medium. The eutectic medium can
become solid when cooled (e.g., freezes) and then absorbs
heat to transition to a liquid. The eutectic medium can
include, for example, sodium chloride solution, calcium
chloride solution, etc.

FIG. 1 shows a cooling fluid tank 26 that 1s connected to
the Cryogen System and/or the Eutectic System of the TRS
14. The cooling fluid tank 26 can be connected to the
cutectic device 24 to direct the cooling fluid, such as a
cryogen, from the cooling fluid tank 26 to the eutectic device
24. Optionally, the cooling fluid tank 26 can be connected to
the refrigerated transport unit 10 and/or the tractor 11, so that
the cooling fluid tank 26 can provide the cooling ﬂuld to the
cutectic device 24 for cooling the eutectic medium as
desired or needed, while 1n transit. In one embodiment, the
cooling fluid tank 26 1s connected to the refrigerated trans-
port unit 10, so that the cooling fluid tank 26 1s mobile with
the reifrigerated transport unit 10. In another embodiment,
the cooling tluid tank 26 1s not connected to the refrigerated
transport unit 10, so that the cooling fluid tank 26 1s not
mobile with the refrigerated transport unit 10.

After the eutectic medium has been frozen, the TRS 14
can cool the cargo space 18 without generating any substan-
tial noise, or any noise. Thus, advantageously, the eutectic
device 24 can provide near silent cooling to the cargo space
18. Additionally, the TRS 14 having the eutectic device 24
can cool the cargo space 18 when the TRU 16 1s turned off,
so that the cooling of the cargo space 18 can be provided
with no power, or very little power (e.g. low amount of
power for runming the blower fan 22). Further, the TRS 14
with the eutectic device 24 can cool the cargo space 18 faster
than a conventional refrigeration system that has only a
conventional TRU.

FIG. 2 shows an embodiment of the eutectic device 24.
The eutectic device 24 mcludes a refrigerant circuit 28 and
a cooling tluid circuit 30. The operation of one or preferably
both the refrigerant circuit 28 and the cooling fluid circuit
can be controlled by a TRS controller (not shown 1n FIG. 2,
but shown 1n FIGS. 1 and 3).

The eutectic device 24 contains the eutectic medium 32
therein. The eutectic medium 32 becomes solid when cooled
(e.g., Ireezes) and then absorbs heat to transition to the liquid
phase.

The refrigerant circuit 28 of the eutectic device 24 can be,
for example, a part of the refrigerant circuit connected to the
TRU, for example, an evaporator coil that direct the refrig-
cerant fluid from the TRU to the TRU’s condenser unait.
Alternatively, the refrigerant circuit 28 can be a cooling line
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separate from the evaporator coil running from the TRU for
cooling the eutectic device 24 with the TRU. The refrigerant
fluid running through the refrigerant circuit 28 absorbs heat
from the eutectic device 24 (e.g., from the plates or tubes
and/or from the eutectic medium 32) to cool and/or maintain
the temperature of the eutectic device 24.

The eutectic device 24 includes the cooling fluid circuit
30 for directing a cooling flmid therethrough. The cooling
fluad circuit 30 has a cooling fluid 1nlet 34 and a gas outlet
36. For example, the cooling fluid inlet 34 has a connector
for connecting to the cooling fluid tank (e.g. the cooling fluid
tank 26 shown in FIG. 1).

The cooling fluid circuit 30 directs the cooling fluid to
flow therethrough without physically mixing with the eutec-
tic medium 32. The cooling flmid circuit 30 allows the
cooling fluid to have thermal contact with the eutectic
medium 32, so that heat can transfer from the eutectic
medium 32 to the cooling fluid flowing through the cooling
fluad circuit 30. When heat i1s transferred from the eutectic
medium 32 to the cooling fluid, the eutectic medium 32
becomes frozen and the cooling fluid transitions from a
liquid phase to a gas phase.

Thus, when the cooling fluid 1s introduced 1nto the cooling
tfluad circuit 30 via the cooling tluid inlet 34, the cooling fluid
1s 1 a liquid phase. When the cooling fluid leaves the
cooling tluid circuit 30 via the gas outlet 36, the cooling fluid
1s 1n a gas phase. The gas outlet 36 1s disposed outside the
container, so that the cooling fluid gas does not enter the
cargo space (20 shown 1n FIG. 1).

In an embodiment, the cooling fluid circuit 30 includes an
evaporator coil, wherein transitioning the liquid phase of the
cooling fluid to the gas phase of the cooling fluid occurs at
the evaporator coil (see FIG. 12 showing a cooling circuit
1200 with an evaporator coil 1205 and a eutectic medium
1210).

In an embodiment, the eutectic device 24 uses a cryogen
as the cooling fluid to freeze the eutectic medium 32.
Examples of the cryogen are, but are not limited to, carbon
dioxide (CO,) and nitrogen (N, ). Thus, when the cryogen 1s
introduced into the cooling fluid circuit 30 via the cooling
fluid mlet 34, the cryogen 1s 1n a liquid phase, such as liquid
carbon dioxide or liquid nitrogen. When the cryvogen leaves
the cooling fluid circuit 30 via the gas outlet 36, the cryogen
1s 1n a gas phase, such as carbon dioxide gas or nitrogen gas.

The frozen eutectic medium 32 then transfers heat to a
plate or a tube of the eutectic device, which cools the air
inside the cargo space of the container.

The cooling fluid circuit 30 can also include a back
pressure regulator 38 at the gas outlet 36 that prevents back
pressure 1ssues. For example, when the cryogen 1s CO,, the
back pressure regulator 38 prevents pressure from dropping,
too low, which would cause dry ice (solid phase of CO,)
formation. Dry ice can block the flow of the cryogen and
stop the cooling process. This dry ice formation 1ssue does
not exist when the cryogen 1s N,, so back pressure regulator
38 1s not needed for embodiments that use N, as the cryogen.
Additionally, the cooling fluid circuit 30 can also include a
sensor 40 that can detect a condition of the cooling tluid
circuit 30, wherein the condition can be, but not limited to,
temperature.

In an embodiment, the cooling fluid circuit 30 can operate
without a compressor unit and/or a condensing unit. The
term condensing unit 1s used herein to describe a separate
and independent device from a condenser of the Mechanical
Retrigeration System. That 1s, the Mechanical Refrigeration
System includes the condenser. The condensing unit 1s a
separate and independent device from the Mechanical
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Relrigeration System. Accordingly, the cooling fluid circuit
30 which can operate without the condensing unit does not
preclude the eutectic device 24 being operable with the
Mechanical Refrigeration System (which includes the con-
denser). In an embodiment, the cooling fluid circuit 30 does
not include a blower.

FIG. 3 shows an embodiment of a TRS controller 41 for
controlling a TRS. The TRS controller 41 includes a network
interface 42 for connecting to a network, a processor 44
connected to the network interface 42 for receiving and/or
sending data from the network. The TRS controller 41 also
includes a user interface unit 46 connected to the processor
44. The user interface unit 46 can display imnformation and
receive user input and transmit the user mput to the proces-
sor for operating the TRS. The TRS controller 41 includes
a non-transitory computer-readable memory 48 connected to
the processor 44. The non-transitory computer-readable
memory 48 has stored therein computer-readable nstruc-
tions 50 that when executed by the processor 44, the TRS
controller 41 can perform a method for controlling the TRS,
as described more 1n detail below and shown 1n FIGS. 4-10.

FIG. 4 shows a flow diagram of an embodiment of a
method 60 for operating and/or controlling a TRS. The
method 60 begins with starting 62 the TRS. Once the TRS
has been started, a cooling mode of the TRS 1s selected 64,
for example, by a user interacting with a user interface of the
TRS controller of the TRS. The selection 64 of the cooling
mode can be performed by the TRS controller. At 64,
“selecting” the cooling mode includes detecting the cooling
mode (e.g., the TRS controller receiving the selection), if the
cooling mode has been preset, e.g., set prior to the starting
62 of the TRS. Accordingly, the preset cooling mode being
detected by the TRS controller 1s included in the “selecting™
at 64. Once the cooling mode has been selected 64, the
processor ol the TRS controller selects to determine 66
whether to proceed to cooling or not. I1 the processor selects
to proceed to cooling, then cooling 68 of the TRS 1s mitiated
by the TRS controller operating the TRS to cool the trans-
port umt (e.g., the inside of the transport umit). If the
processor selects not to proceed to cooling, then the TRS
controller operating the TRS does not cool the transport unit
and/or stops the cooling 70 if the TRS 1s currently cooling

the transport unit.

FIG. 5 shows a flow diagram of an embodiment of the
selection at 64 from FIG. 4. Following from the starting 62
the TRS, the selection 64 of the cooling mode 1s selected
from a plurality of cooling modes for the TRS. The cooling
modes include a manual cooling mode 72, a local automatic
cooling mode 74 (hereinaiter referred to as an automatic
cooling mode 74), a dynamic cooling mode 76, and a preset
cooling mode 78. After one of the cooling modes are
selected, the method proceeds to the determining at 66
whether cooling 1s to be performed or not (see FIG. 4). Any
one of the modes may be a default mode for the TRS. A user
(e.g., operator) can perform the selection 64 of the cooling
mode.

I1 the processor selects to proceed to cooling, then cooling
68 of the TRS 1s in1tiated by the TRS controller operating the
TRS to cool the transport unit (e.g., the inside of the
transport unit). FIG. 6 shows a flow diagram of an embodi-
ment of the cooling at 68. The cooling at 68 includes
detecting 80 the selected cooling mode from the selection at
64. Based on the cooling mode detected at the detecting at
80, the TRS controller proceeds to one of the cooling modes.
For example, FIG. 6 shows four cooling modes, modes 1-4,
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which are a manual cooling mode 81, an automatic cooling
mode 82, a dynamic cooling mode 83, and a preset cooling

mode 84.

If mode 1, e.g., the manual cooling mode 81 1s detected
from the detecting at 80, then the cooling at 68 proceeds to
85 to cooling according to mode 1. An example of cooling
according to mode 1 1s described in regards to FIG. 7.

If mode 2, e.g., the automatic cooling mode 82 1s detected
from the detecting at 80, then the cooling at 68 proceeds at
86 to cooling according to mode 2. An example of cooling
according to mode 2 1s described in regards to FIG. 8.

If mode 3, e.g., the dynamic cooling mode 83 1s detected
from the detecting at 80, then the cooling at 68 proceeds 87
to cooling according to mode 3. An example of cooling
according to mode 3 1s described 1n regards to FIG. 9.

If mode 4, e.g., the preset cooling mode 84 1s detected
from the detecting at 80, then the cooling at 68 proceeds 88
to cooling according to mode 4. An example of cooling
according to mode 4 1s described in regards to FIG. 10.

FIG. 7 shows a flow diagram of an embodiment of the
method for proceeding to manual cooling 85 when the
manual cooling mode 1s selected (from 81). The cooling of
the 1nside of the transport unit includes a manual selection
90 by a user, via for example the TRS controller, to cool the
inside of the transport unit by using a first cooling type (C1),
and another manual selection 92 to cool the side of the
transport unit by using a second cooling type (C2). The user
can select both 90, 92 to cool the TRS by using both of the
first and cooling types. Selecting 90 the first cooling type
cools 93 by directing a refrigerant fluid through a refrigera-
tion circuit and/or an eutectic device of the TRS. Selecting
92 the second cooling type cools 94 by directing a cooling
fluid, such as cryogen, through a second cooling fluid circuit
of the TRS, for cooling an eutectic device. Selecting both 90,
92 of the first and second cooling types cools 93, 94 the TRS
by directing the refrigerant fluid through the first cooling
fluid circuit of the TRS, and directing the cooling fluid
through the second cooling fluid circuit of the TRS.

FIG. 8 shows a flow diagram of an embodiment of the
method for proceeding to automatic cooling 86 when the
automatic cooling mode 1s selected (from 82). The cooling
ol the mside of the transport unit includes the TRS controller
checking the status 100 of the TRS, and the TRS controller
automatically selecting a cooling type 101 based on the
status of the TRS.

The automatic cooling 86 can be based on the status of the
TRS, such as a difference between a desired (or set) tem-
perature of the transport unit and the current ambient tem-
perature, a diflerence between a desired (or set) temperature
of the transport umt and the temperature of the returned atr,
and/or desired operation of the TRS (e.g. high speed cooling,
low speed cooling, defrosting, etc.).

If the TRS controller determines, based on the status of
the TRS, that fast cooling 1s required 102, then a cooling 103
the TRS 1ncludes directing a refrigerant fluid through the
TRU and directing a cooling fluid through an eutectic device
of the TRS. Thus, the TRU of the eutectic device can operate
to cool the cargo space. If the TRS controller determines,
based on the status of the TRS, that a first cooling type 1s
required 104, then a cooling 105 the TRS includes directing,
a refrigerant fluid through a refrigerant circuit of the TRU.
If the TRS controller determines, based on the status of the
TRS, that a second cooling type i1s required 106, then a
cooling 107 the TRS includes directing a cooling fluid, such
as a cryogen, through a cooling fluid circuit connected to an
cutectic device of the TRS.
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FIG. 9 shows a flow diagram of an embodiment of the
method for proceeding to dynamic cooling 87 when the
dynamic cooling mode 1s selected (from 83). The cooling of
the inside of the transport unit includes the TRS controller
connecting 110 to a network. Examples of the network
include, but are not limited by, wireless network, cellular
network, GPS network, satellite network, WiF1, 3G, 4G,
LTE, and/or a combination thereof. After the TRS controller
1s connected 110 to the network, the TRS controller receives
111 data via the network. The data can include position
information based on the Global Positioning Satellite data,
weather condition data, local ordinances at the location of
the TRS controller (e.g. sound level/noise regulations, and
environmental regulations), a difference between a desired
set temperature and the ambient temperature, a difference
between a desired set temperature and the temperature of the
returned air, a distance to the next scheduled stop, current
tratlic conditions, speed of the tractor transporting the trans-
port unit, route position, efc.

The TRS controller then processes 112 the data and
transforms the data into TRS control information. Then the
TRS controller determines 113 a cooling type based on the
TRS control information.

If the TRS controller determines that a first cooling type
114 which directs a refrigerant fluid through the refrigerant
circuit of the TRU and/or the eutectic device 1s optimal
based on a portion of the TRS control information, the TRS
controller also determines whether the first cooling type 1s
allowable 1135 based on the TRS control information. For
example, the first cooling type can cause a certain level of
sound to generate from a TRU (e.g., sound caused by a
compressor 1 the TRU). The TRU includes a refrigerant
fluid tflowing through a refrigerant circuit, which has the
compressor, a condenser, an expansion valve, and an evapo-
rator. Although using the TRU for cooling may be a desired
method of cooling the TRS, the local ordinance where the
TRS controller 1s located may not allow that level of sound.
For example, 1n some cities, based on the time of day, there
are ordinances that regulate noise pollution. As such, the
operation of the compressor 1n the TRU may violate that
noise pollution ordinance when the compressor in the TRU
1s turned on at that particular time of the day. The TRS
control information 1s based on such data received from the
network and the TRS controller operates the TRS such that
such violation of the ordinance would not occur. Accord-
ingly, 1T the TRS controller determines that the first cooling
type 1s allowable based on the TRS control information, then
the TRS controller directs 116 the refrigerant fluid through
the TRS. If the TRS controller determines that the first
cooling type 1s not allowable based on the TRS control
information, then another cooling type 1s used, 1f at all. The
another cooling type can be a second cooling type which
directs a cooling fluid through a cooling circuit that 1s 1n
contact with an eutectic device of the TRS. Advantageously,
the second cooling type 1s substantially quieter than the first
cooling type, so that cooling via the second cooling type
would not violate the same noise pollution control ordi-
nance. Thus, the transport unit can be cooled even when the
TRU cannot operate due to the local ordinance and/or time
of day.

If the TRS controller determines that a second cooling
type 117 which directs a cooling fluid through a cooling
circuit that 1s 1n contact with an eutectic device of the TRS
1s optimal based on the TRS control information, then the
TRS controller directs 118 the cooling fluid through a
cooling circuit that 1s in contact with an eutectic device of
the TRS.
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If the TRS controller determines that the first cooling type
and the second cooling type are to be used together 119, for
example, for optimally cooling the transport unit as quickly
as possible, the TRS controller directs the refrigerant fluid
through a refrigerant circuit of the TRU and/or through a
refrigerant circuit of an eutectic device of the TRS, and
directs the cooling fluid through a cooling fluid circuit to
cool the eutectic device, for cooling 120 the transport unait.

If the TRS controller determines that cooling the TRS 1s
not needed 121, then the TRS controller does not direct the
refrigerant fluid through the first fluid circuit of the TRS, and
does not direct the cooling fluid through the second fluid
circuit of the TRS.

FIG. 10 shows a tlow diagram of an embodiment of the
method for proceeding to preset cooling 88 when the preset
cooling mode 1s selected (from 84).

The cooling the inside of the transport unit includes the
TRS controller accessing 130 a memory to read data stored
therein. The data can be a route map data, a time based data,
or other data that have been predetermined for operating the
TRS. The TRS controller then processes 131 the data and a
processor of the TRS controller executes and/or runs 132 a
predictive algorithm using the data. The predictive algo-
rithm can consider, for example, but not limited to, a
difference between a desired set temperature and the ambi-
ent temperature, a diflerence between a desired set tempera-
ture and the temperature of the returned air, a distance to the
next scheduled stop, trailic condition, speed of the tractor
transporting the transport unit, route position, etc.

Then, the TRS controller predicts 133 a cooling type
needed by running a predictive algorithm. Then, a cooling
type 1s selected 134, 136, 138, 140.

The TRS controller can select 134 to direct a refrigerant
fluid through a refrigeration circuit and/or an eutectic device
of the TRS, and then the TRS controller cools 135 the
transport unit via directing the refrigerant fluid through the
TRU and/or the eutectic device.

The TRS controller can select 136 to direct a cooling tluid
through a cooling fluid circuit that 1s 1n thermal contact with
an eutectic device of the TRS, and then the TRS controller
cools 137 via directing the cooling fluid through the cooling
fluad circuit.

The TRS controller can select 138 to direct the refrigerant
fluid through the TRU, and also to direct the cooling fluid
through the cooling fluid circuit that 1s 1n thermal contact
with the eutectic device of the TRS. Then, the TRS control-
ler cools 139 the transport unit via directing the refrigerant
fluid through the refrigerant circuit of the TRU, and direct-
ing the cooling fluid through the cooling tluid circuit to cool
the eutectic device of the TRS.

The TRS controller can select 140 that cooling the TRS 1s
not needed. Then, the TRS controller does not direct the
refrigerant fluid through the refrigerant circuit of the TRU,
and does not direct the cooling fluid through the cooling
fluad circuit of the TRS.

Aspects

It 1s noted that any of the features 1n any of the aspects
below can be combined with any of the other aspects.
Aspect 1. A method for controlling a transportation refrig-

cration system (TRS), wherein the TRS includes a TRS

controller connected to the TRS for operating the TRS, an
cutectic device including an eutectic medium, a transport
refrigeration umt (TRU) having a refrigerant circuit for
directing a refrigerant tluid through the TRU and capable
of directing the refrigerant fluid to the eutectic device for
cooling the eutectic medium, and a cooling fluid circuit in
thermal contact with the eutectic medium, the cooling
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fluid circuit configured to direct a cooling fluid to be 1n

thermal contact with the eutectic medium, the method

comprising;:
the TRS controller receiving a selection of a cooling mode
for the TRS; and
cooling an inside of a transport unit according to the
cooling mode selected, wherein the cooling includes
one or more of:
directing the refrigerant fluid through the TRU accord-
ing to the cooling mode selected,

directing the reinigerant flmd to the eutectic device
according to the cooling mode selected, and

directing a cooling fluid through the cooling fluid
circuit to cool the eutectic device according to the
cooling mode selected.

Aspect 2. The method according to aspect 1, wherein the
cooling mode for the TRS includes:

a manual cooling mode, wherein a cooling type of the
TRS 15 based on a selection made by a user via the TRS
controller;

an automatic cooling mode, wherein the cooling type of
the TRS 1s automatically set by the TRS controller;

a dynamic cooling mode, wherein the cooling type of the

r—

I'RS 1s based on dynamic information received by the

TRS controller; and
a preset cooling mode, wherein the cooling type of the

TRS 1s based on a predetermined information stored at
the TRS controller.

Aspect 3. The method according to any of the aspect 2,
wherein the TRS controller receiving the selection of the
cooling mode includes, the TRS controller receiving a
selection of one or more of:
the manual cooling mode to select the cooling type;
the automatic cooling mode to have the TRS controller

automatically set the cooling type;
the dynamic cooling mode to have the TRS controller set
the cooling type based on the dynamic information; and
the preset cooling mode to have the TRS controller set the
cooling type based on the predetermined information.
Aspect 4. The method according to aspect 3, when the TRS
controller receiving the selection of the manual cooling
mode, the cooling the 1nside of the transport unit includes:
cooling via a first cooling type, the first cooling type
including directing the refrigerant fluid through the
refrigerant circuit of the TRS; and

cooling via a second cooling type, the second cooling type
including directing the cooling fluid through the cool-
ing fluid circuit of the TRS.
Aspect 3. The method according to any of aspects 3-4, when
the TRS controller receiving the selection of the auto-
matic cooling mode, the cooling the inside of the transport
unit includes:
checking a status of the TRS;
automatically selecting a cooling type based on the status
of the TRS, whereimn a first cooling type directs the
refrigerant fluid through the cooling fluid circuit, a
second cooling type directs the cooling fluid through
the eutectic device, and a third cooling type directs the
refrigerant fluid through the TRU and directs the cool-
ing fluid through the eutectic device; and

the cooling includes cooling according to the cooling type
selected.

Aspect 6. The method according to any of aspects 3-5, when
the TRS controller recerving the selection of the dynamic
cooling mode, the cooling the 1nside of the transport unit
includes:

the TRS controller connecting to a network;
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the TRS controller receiving data via the network;

r

the TRS controller processing the data and transforming

the data to TRS control information; and

the TRS controller determining a cooling type based on

the TRS control information; and

cooling according to the TRS control information.
Aspect 7. The method according to aspect 6, wherein

the TRS controller determining the cooling type includes
the TRS controller determining whether a first cooling

type, the first cooling type directing the refrigerant tfluid
through the TRU, 1s allowable based on the TRS

control information; and
the cooling includes cooling via the first cooling type 1t
the first cooling type 1s determined to be allowable
based on the TRS control information, and cooling via
a second cooling type, the second cooling type direct-
ing the cooling fluid through the eutectic device, if the
first cooling type 1s determined to be not allowable
based on the TRS control information.
Aspect 8. The method according to any of the aspects 6-7,
wherein
the TRS controller determining the cooling type includes
the TRS controller determining to direct the cooling
fluid through the eutectic device; and
the cooling includes directing the cooling tluid through
the eutectic device of the TRS.
Aspect 9. The method according to any of the aspects 6-8,
wherein
the TRS controller determining the cooling type includes
the TRS controller determining to direct the refrigerant
fluid through the refrigerant circuit, and to direct the
cooling fluid through the cooling fluid circuit to cool
the eutectic device of the TRS; and
the cooling includes directing the refrigerant fluid through
the refrigerant circuit, and directing the cooling fluid
through the cooling fluid circuit to cool the eutectic
device.
Aspect 10. The method according to any of the aspects 6-9,
wherein
the TRS controller determining the cooling type includes
the TRS controller determining that cooling the TRU 1s
not needed.
Aspect 11. The method according to any of the aspects 1-10,
wherein
the cooling includes the TRS controller not directing the
refrigerant fluid through the refrigerant circuit of the
TRU, and not directing the cooling fluid through the
cooling fluid circuit to cool an eutectic device.
Aspect 12. The method according to any of the aspects 3-6,
the TRS controller receiving the selection of the dynamic
cooling mode, the cooling the 1nside of the transport unit
includes:
the TRS controller accessing a memory to read data stored
therein;
the TRS controller processing the data;
the

TRS controller selecting a cooling type by running a
predictive algorithm using the data; and
cooling via the cooling type selected.
Aspect 13. The method according to aspect 12, wherein
the TRS controller selecting the cooling type includes the
TRS controller selecting to direct the refrigerant flumd
through the TRS; and
the cooling includes directing the refrigerant fluid through
the TRS.
Aspect 14. The method according to any of the aspects
12-13, wherein
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the TRS controller selecting the cooling type includes the
TRS controller selecting to direct the cooling tluid
through the cooling fluid circuit that 1s 1n thermal
contact with the eutectic device of the TRS; and

the cooling includes directing the cooling fluid through
the cooling fluid circuat.

Aspect 15. The method according to any of the aspects
12-14, wherein
the TRS controller selecting the cooling type includes the

TRS controller selecting to direct the refrigerant fluid
through the refrigerant circuit of the TRU, and to direct
the cooling fluid through the cooling fluid circuit to
cool the eutectic device; and

the cooling includes directing the refrigerant fluid through
the refrigerant circuit of the TRU, and directing the
cooling tluid through the cooling fluid circuit to cool
the eutectic device of the TRS.

Aspect 16. The method according to any of the aspects
12-15, wherein
the TRS controller selecting the cooling type includes the

TRS controller selecting that cooling the TRS 1s not
needed.

Aspect 17. The method according to any of the aspects 1-16,
wherein
the cooling 1includes the TRS controller not directing the

refrigerant fluid through the refrigerant circuit of the
TRU, and not directing the cooling fluid through the
cooling fluid circuit.

Aspect 18. A non-transitory computer-readable medium
having computer-readable 1nstructions that when
executed by a processor performs the method for control-
ling a TRS according to any of the aspects 1-17.

Aspect 19. A controller for controlling a transportation
refrigeration system (TRS), wherein the TRS includes an
cutectic device including an eutectic medium, a transport
refrigeration unit (TRU) having a reirigerant circuit for
directing a refrigerant flmid through the TRU and capable
of directing the refrigerant tluid to the eutectic device for
cooling the eutectic medium, and a cooling fluid circuit 1n
thermal contact with the eutectic medium, the cooling
fluid circuit configured to direct a cooling fluid to be 1n
thermal contact with the eutectic medium, the controller
comprising:

a network interface for connecting to a network;

a processor connected to the network interface for recerv-
ing data from the network;

a user 1mterface connected to the processor; and

a non-transitory computer-readable memory connected to
the processor, the non-transitory computer-readable
memory having computer-readable instructions that
when executed by the processor performs the method
for controlling the TRS according to any of the aspects
1-17.

Aspect 20. A transportation refrigeration system (TRS),
comprising:
an eutectic device including an eutectic medium;

a transport refrigeration unit (ITRU) having a refrigerant
circuit for directing a refrigerant fluid through the TRU
and capable of directing the refrigerant flmd to the
cutectic device for cooling the eutectic medium; and

a cooling fluid circuit 1n thermal contact with the eutectic
medium, the cooling fluid circuit configured to direct a
cooling fluid to be 1n thermal contact with the eutectic
medium; and

a TRS controller configured to control the TRS, the TRS
controller including:

a network interface for connecting to a network;
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a processor connected to the network interface for
receiving data from the network;

a user interface connected to the processor; and

a non-transitory computer-readable memory connected
to the processor, the non-transitory computer-read-
able memory having computer-readable instructions
that when executed by the processor performs the

method for controlling the TRS according to any of

the aspects 1-17.

With regard to the foregoing description, 1t 1s to be
understood that changes may be made 1n detail, especially in
matters of the construction maternials employed and the
shape, size and arrangement of the parts without departing
from the scope of the present invention. It 1s mtended that
the specification and depicted embodiment to be considered
exemplary only, with a true scope and spirit of the invention
being indicated by the broad meaning of the claims.

What 1s claimed 1s:

1. A method for controlling a transportation refrigeration
system (TRS), wherein the TRS includes a TRS controller
connected to the TRS for operating the TRS, a eutectic
device including a eutectic medium, a transport refrigeration
unit (TRU) having a refrigerant circuit for directing a
refrigerant tluid through the TRU and capable of directing
the refrigerant fluid to the eutectic device for cooling the
cutectic medium, and a cooling fluid circuit 1n thermal
contact with the eutectic medium, the cooling fluid circuit
configured to direct a cooling fluid to be 1n thermal contact
with the eutectic medium, the method comprising:
the TRS controller receiving a selection of a cooling mode

for the TRS; and
cooling an inside of a transport unit according to the
cooling mode selected, wherein the cooling includes
one of:
a first cooling type, the first cooling type including
powering a compressor of the refrigeration circuit for
directing the refrigerant tluid through a condenser, an
expansion valve and an evaporator of the refrigerant
circuit to provide cooling inside the transport unit
without the eutectic device;
a second cooling type, the second cooling type includ-
ing directing the cooling fluid through the cooling
fluid circuit of the TRS to cool the eutectic medium
for the eutectic device to provide cooling inside the
transport unit without the refrigeration circuit; and
a third cooling type, the third cooling type including
both:
powering a compressor of the refrigeration circuit for
directing the refrigerant fluid through a condenser,
an expansion valve and an evaporator ol the
refrigerant circuit, and

directing the cooling fluid through the cooling fluid
circuit of the TRS to cool the eutectic medium for
the eutectic device

to provide cooling inside the transport unit;

wherein 1nstructions to carry out the first cooling type, the
second cooling type, and the third cooling type are
stored within a memory;

wherein the cooling mode for the TRS 1includes:

a manual cooling mode, wherein a user selects, via the
TRS controller, one of the first cooling type, the second
cooling type, and the third cooling type;

an automatic cooling mode, wherein the TRS controller
selects one of the first cooling type, the second cooling
type, and the third cooling type based on a current
status of the TRS, wherein the current status of the TRS
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1s determined based on information sent to the TRS
controller from one or more components of the TRS;

a dynamic cooling mode, wherein the TRS controller

selects one of the first cooling type, the second cooling
type, and the third cooling type based on information
received by the TRS controller from an external device
via a network; and

a preset cooling mode, wherein the TRS controller selects

one of the first cooling type, the second cooling type,
and the third cooling type based on predetermined TRS
operation mformation stored in memory.

2. The method according to claim 1, wherein when the
TRS controller receives the selection of the dynamic cooling
mode, the cooling the 1nside of the transport unit while the
TRS operates in the dynamic cooling mode 1ncludes:

the TRS controller connecting to the network;

the TRS controller receiving data via the network;

the TRS controller processing the data and transforming

the data to TRS control information; and

the TRS controller selecting one of the first cooling type,

the second cooling type, and the third cooling type
based on the TRS control information.

3. The method according to claim 2, wherein the cooling
includes cooling via the first cooling type or the third cooling
type if the first cooling type 1s determined to be allowable
based on the TRS control information, and cooling via the
second cooling type when the first cooling type 1s deter-
mined to be not allowable based on the TRS control infor-
mation.

4. The method according to claim 2, further comprising
prior to selecting one of the first cooling type, the second
cooling type, and the third cooling type, the TRS controller
determining whether the cooling 1s needed based on the TRS
control information, and the TRS controller selecting one of
the first cooling type, the second cooling type, and the third
cooling type when the TRS controller determines that cool-
ing 1s needed.

5. The method according to claim 4, further comprising
the TRS controller not directing the refrigerant fluid through
the refrigerant circuit of the TRU for the first cooling type
and not directing the cooling tfluid through the cooling tluid
circuit to cool the eutectic device for the second cooling type

when the TRS controller determines that cooling 1s not
needed based on the TRS control information.

6. The method according to claim 1, wherein in response
to the TRS controller receiving the selection of the dynamic
cooling mode, the cooling the nside of the transport unit
includes:

the TRS controller accessing a memory to read data stored

therein;

the TRS controller processing the data; and

the TRS controller selecting one of the first cooling type,

the second cooling type, and the third cooling type by
running a predictive algorithm using the data.

7. The method according to claim 6, further comprising
prior to selecting one of the first cooling type, the second
cooling type, and the third cooling type, the TRS controller
determining whether cooling 1s needed based on the predic-
tive algorithm.

8. The method according to claim 6, further comprising
the TRS controller not directing the refrigerant fluid through
the refrigerant circuit of the TRU {for the first cooling type
and not directing the cooling tluid through the cooling fluid
circuit for the second cooling type when the TRS controller
determines that cooling 1s not needed based on the predictive
algorithm.
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9. The method according to claim 1, wherein the cooling
includes an additional cooling type, the additional cooling
type includes directing the refrigerant fluid through the
cutectic medium of the eutectic device to cool the eutectic
medium for the eutectic device to provide cooling 1nside the 53
transport unit.
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